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AXIAL DIVERGENT SECTION SLOT NOZZLE 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[0001] The present invention relates to an axial divergent 
section slot nozzle for use with a jet engine which allows a 
flow of ambient air by which an exhaust plume and thrust from 
the nozzle may be tailored. 

(2) Prior Art 

[0002] There are many convergent/divergent (C/D) exhaust 
nozzles for gas turbine engines that are disclosed in the 
literature and that are utilized on jet and turbojet engines 
for changing the throat configuration of the nozzle in order 
to improve engine performance during certain modes of 
operation. This is particularly the case in aircraft that are 
powered by gas turbine engines with augmentors . The exhaust 
nozzle may be configured in a two or three dimensional 
configuration with or without the capability of vectoring the 
exhaust gases. The purpose of the vectoring nozzle is to 
effectuate directional change of or reversing thrust to brake 
the aircraft . 

[0003] For many years now, engineers and scientists have 
worked to design and produce gas turbine engines that are 
capable of short take-off and vertical landing (STOVL) 
operation. Also well known is that the exhaust nozzle may 
include positional flaps that are articulated to provide 
vectoring capabilities. Alternatively, the entire engine 
exhaust nozzle may be articulated by rotatable interconnecting 
ducts similar to what has been used in the Russian YAK- 141 
aircraft, manufactured by Yakovlevin Aircraft, in order to 
produce vectoring capabilities. 

[0004] U.S. Patent No. 5,797,544 to Ward illustrates a compact 

axisymmetrical C/D exhaust nozzle which may be utilized on a 

gas turbine engine for a short take-off and vertical landing 
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aircraft and mechanisms for synchronizing the flaps and 
guiding the combined pressure balancing piston and 
synchronizing ring . 

[0005] U.S. Patent No. 4,440,347 to Madden et al . illustrates 
a variable area nozzle having the upstream ends of the flaps 
pivotally connected to an axially translatable unison ring. 
Apparatus is associated with the flaps to cause the flaps to 
rotate as the unison ring is translated to vary the area of 
the nozzle. The unison ring includes a balance surface fixed 
relative thereto which is subject to a net pressure load in 
the downstream direction thereby reducing the force which an 
actuator must exert to move the unison ring or to hold the 
unison ring in fixed position. 

[0006] U.S. Patent No. 5,285,637 to Barcza relates to a seal 
centering and restraining device for positioning the seals 
between the divergent flaps of a vectoring C/D nozzle. The 
device includes a restraint bar that spans between two 
adjacent divergent flaps and is pivotally attached to the air 
side of a seal and slidably secured by sliders to tracks on 
the adjacent divergent flaps, thereby sandwiching the adjacent 
divergent flaps between the seal and sliders. A positioning 
linkage connecting the two adjacent divergent flaps centers 
the seal at all nozzle operating conditions. 

[0007] Despite the existence of these convergent /divergent 
nozzles, there remains a need for nozzle designs which improve 
performance . 



SUMMARY OF THE INVENTION 
[0008] It is an object of the present invention to provide a 
method for tailoring the exhaust plume of a 

convergent /divergent nozzle to reduce hot gas ingestion into a 
plane inlet . 

[0009] It is a further object of the present invention to 
provide a method to increase the thrust of a nozzle operating 
in an over-expanded condition. 
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[0010] It is a further object of the present invention to 
provide one instance of a new bridge member design for use in 
an engine having a convergent /divergent nozzle. 
[0011] The foregoing objects are attained by the present 
invention. 

[0012] In accordance with the present invention, an axial 
divergent section slot nozzle for an engine is provided. The 
nozzle broadly comprises a plurality of spaced apart flaps, a 
plurality of seals which fill the gaps between adjacent flaps, 
means for moving the flaps to change a cross sectional area of 
the nozzle, and a bridge member to position the seals between 
intermediate adjacent flaps. The bridge member includes a 
bridge bracket and a sealing element joined to the bridge 
bracket. The sealing element has an upper surface and the 
bridge bracket has a lower surface which diverges from the 
upper surface of the seal member. In a preferred embodiment of 
the present invention, the bridge bracket has a shape, such as 
a diamond shaped wedge, which allows variable slot sizing 
depending on nozzle throat jet area. 

[0013] Also in accordance with the present invention, a method 
for tailoring an exhaust plume of an engine is provided. The 
method comprises the steps of providing an engine with a 
nozzle having movable flaps and movable bridge members, which 
include sealing elements, which create a divergent zone in the 
nozzle, operating the engine so as to create an overexpanded 
condition in the divergent zone, and positioning the flaps and 
bridge members so as to tailor an exhaust plume from the 
nozzle. In a preferred embodiment, the exhaust plume is 
tailored so that the flow is evenly distributed 
circumf erentially . 

[0014] Also in accordance with the. present invention, a method 

for increasing thrust is provided. The method comprises the 

steps of opening axial slots or gaps when an axial divergent 

section slot nozzle is operating in an overexpanded condition 

and thereby creating a favorable pressure gradient which 
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entrains ambient air so as to produce thrust and prohibit the 
core flow from expanding beyond ideal . 

[0015] Other details of the axial divergent section slot 
nozzle of the present invention, as well as other advantages 
and objects attendant thereto, are set forth in the following 
detailed description and the accompanying drawings wherein 
like reference numerals depict like elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] FIG. 1 is a partial isometric view of a 
convergent /divergent nozzle incorporating the bridge bracket 
of the present invention; 

[0017] FIG. 2 is a side view of a bridge member in accordance 
with the present invention; 

[0018] FIG. 3 is a side view of a bridge member in a first jet 
area setting; 

[0019] FIG. 4 is a side view of a bridge member in a second 
jet area setting; 

[0020] FIG. 5A shows the Mach contours for a STOVL nozzle in 
hover at NPR = 2.365 for a nozzle without gaps in the 
divergent section; 

[0021] FIG. 5B shows the Mach contours for a STOVL nozzle in 
hover at NPR = 2,365 for a nozzle with 10% porosity gaps in 
the divergent section; 

[0022] FIG. 6A shows the total pressure contours and momentum 
vectors in an exhaust plume near the ground for the nozzle of 
FIG. 5A; and 

[0023] FIG. 6B shows the total pressure contours and momentum 
vectors in an exhaust plume near the ground for the nozzle of 
FIG. 5B. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT ( S) 

[0024] FIG. 1 shows a convergent /divergent nozzle 10 

incorporating convergent flaps 11 with elongated divergent 

flaps 12 pivotally attached to the trailing edge 13 thereof by 
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a divergent flap hinge 14 at the leading edge 15 of the 
divergent flap 12 . The convergent /divergent flap assembly 
includes a flap hinge seal 16 which overlays the hinge 14 to 
prevent the escape of exhaust gas from the gas turbine engine 
at the hinge 14 . Each of the divergent flaps 12 has a gas side 
17 and an air side 18. As used herein, the term "gas side" 
refers to the surface of the respective component that is 
exposed to the exhaust gas of the engine and the term "air 
side" refers to the surface of the component opposite the gas 
side . 

[0025] A convergent seal 19 is located between each pair of 
convergent flaps 11. A bridge member 20, having a sealing 
element 204, is positioned between each pair of adjacent 
divergent flaps 12. The leading edge of each sealing element 
204 may be pivotally connected to a trailing edge 22 of a 
respective convergent seal 19 immediately upstream therefrom 
by a seal hinge 23. A seal 28 overlays the seal hinge 23 to 
prevent the escape of exhaust gas at the seal hinge 23. 

[0026] The trailing edges of the sealing element 204 and the 
trailing edges 25 of the divergent flaps 12 define the 
perimeter 26 of the exhaust area of the nozzle 10. 

[0027] The throat area of the nozzle 10 may be controlled by 
the convergent flaps 11 through the "balanced beam" 
arrangement known in the art and disclosed in U.S. Patent No. 
5,082,182, which is incorporated by reference herein. The 
exhaust area may be controlled as follows. 

[0028] Each of the divergent flaps 12 may be pivotally 

connected to a sync-ring linkage 31, which is in turn 

pivotally connected to a sync-ring 32. Three actuators 33 are 

mounted to the engine case 34 at 120 degree intervals. The arm 

35 of each actuator 33 is pivotally connected to a sync-ring 

bracket 36 which may be slidably received within a guide 37 

fixedly secured to the engine case 34. From the foregoing 

description, those skilled in the art will readily appreciate 

that if the actuators 33 act symmetrically on the sync-ring 
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32, the sync-ring 32 translates along the axis of the nozzle 
10, thereby increasing or decreasing the exhaust area of the 
nozzle 10. 

[0029] Referring now to FIG. 2, each bridge member 20 with its 
sealing element 2 04 spans a space 2 02 between two adjacent 
divergent flaps 12. Each sealing element 204 has a central 
portion 206 and angled end portions 208. When the engine is 
operating in a non-overexpanded state, the upper surface 210 
of the end portions 208 contacts the gas side 17 of the 
adjacent divergent flaps 12. The sealing element 204 prevents 
flow of the exhaust gases through the space 2 02 because the 
pressure in the nozzle 10 is greater than ambient air 
pressure . 

[0030] Each bridge member 20 also has a backbone support 212 
at the mid-span of the central portion 206. The backbone 
support 212 includes a restraint mounting post 214 to which is 
attached a bridge bracket 216. The bridge bracket 216 fits 
over a portion of the post 214 and is held in place by a nut 
218 which is internally threaded (not shown) . The internal 
threads of the nut 218 engage mating threads (not shown) on 
the post 214 and thus hold the bridge bracket 216 onto the 
post 214. In a preferred embodiment, the bridge bracket 216 is 
capable of rotation relative to the post 214. 

[0031] As can be seen from FIG. 2, the bridge bracket 216 
overlaps the air side 18 of the divergent flaps 12 . The bridge 
bracket 216 has a shape, such as a diamond shaped wedge, which 
allows variable slot size depending on the nozzle throat jet 
area. Preferably, the bridge bracket 216 has lower surfaces 
222 and 224 which are at an angle to the upper surface 22 6 of 
the central portion 208 of the sealing element 204 so that the 
surfaces 222 and 224 diverge away from the upper surface 226. 

[0032] The nozzle 10 may be operated in an overexpanded 

condition during STOVL operation of the engine. In such a 

state, the divergent flaps 12 are spaced from each other and 

form a plurality of spaces or gaps 202. Depending on the 
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particular nozzle throat jet area condition, the spaces 202 
may be smaller or larger. The flaps 12 and the spaces 2 02 form 
a cross sectional area expansion for the nozzle 10 to the 
trailing edge of the flaps 12 . 

[0033] The overexpanded condition may be imposed by the 
operating conditions of the nozzle (the nozzle pressure ratio 
(NPR) ) . There is a single ideal expansion condition where the 
ambient air pressure is equal to the pressure that exists when 
the flow expands ideally to the exit. Below this NPR, the 
nozzle is overexpanded and a favorable pressure gradient is 
formed. The present invention takes advantage of the 
characteristics of an overexpanded nozzle to bring flow into 
the divergent section, reducing the effective area ratio to 
closer to ideal. This changes the exhaust plume 
characteristics and increases thrust at the condition of 
interest over that which would occur without the present 
invention. The flow will not expand beyond ideal using the 
present invention, because as ambient air is introduced, the 
pressure increases and the driving pressure gradient goes to 
zero . 

[0034] Referring now to FIG. 3, there is shown a first jet 
area condition in the throat of the nozzle 10. In an 
overexpanded condition, the pressure within the nozzle 10 is 
less than ambient pressure. A pressure differential or 
gradient is created which opens the spaces 2 02 between the 
flaps 12 and the sealing elements 204. This allows ambient air 
to flow through each space 202 and through each slot 230 
formed between the gas side 17 of the divergent flaps 12 and 
the end portions 208 of each sealing element 204. As can be 
seen from FIG. 3, the space 2 02 between adjacent flaps can be 
quite large and the slots 230 can be large. 

[0035] Referring now to FIG. 4, there is shown a second jet 
area condition in the throat of the nozzle 10 where the space 
202 is smaller than the space 202 in FIG. 3. In this state, 
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very little ambient air is still capable of flowing through 
the space 2 02 and through the smaller gaps 230' . 
[0036] By using the bridge members 20 of the present 
invention, when the nozzle 10 is in an overexpanded condition, 
tailoring of the exhaust plume can be effected when the spaces 
or gaps 202 between the divergent flaps 12 occupy from 3.0% to 
30% of the nozzle surface area at the throat of the nozzle 10. 
The bridge members 2 0 of the present invention have been found 
to be particularly useful when the spaces 202 between the 
divergent flaps 12 occupy from 8.0% to 12.0% of the nozzle 
throat surface area. 

[0037] As discussed, flowing ambient air into the nozzle 10 in 
this fashion during operation of the engine in an overexpanded 
condition advantageously allows plume tailoring and increases 
thrust. Using the bridge members of the present invention also 
advantageously reduces loads on hardware and saves weight. 
Still another advantage of the present invention is that the 
exhaust plume can be tailored to reduce hot gas ingestion into 
the aircraft inlet. 

[0038] FIGS. 5A and 5B show the benefits which can be obtained 
by using the bridge members of the present invention. FIG. 5A 
shows the Mach contours for a STOVL nozzle in hover at a 
nozzle pressure ratio (NPR) which equals 2.365 for a nozzle 
without gaps in the divergent section. This figure shows a 
strong shock outside the nozzle exit. FIG. 5B shows the Mach 
contours for a STOVL nozzle utilizing the bridge members of 
the present invention in hover for the same NPR with the 
nozzle having gaps 2 02 in the divergent section which occupy 
10% of the surface area at the throat. This figure shows a 
weak shock outside the nozzle exit. 

[0039] FIGS. 6A and 6B show the total pressure contours and 

momentum vectors in the exhaust plume near the ground. As can 

be seen from FIG. 6A, the nozzle with no gaps in the divergent 

section show a flow biased forward toward the aircraft inlets. 

While FIG. 6B shows that the nozzle with 10% porosity using 
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the bridge members of the present invention has an exhaust 
plume with the flow evenly distributed circumf erentially . 

[0040] The foregoing advantages are attained because the 
presence of the gaps 202 and the slots 230 or 230' weaken the 
overexpansion and thus change the plume shape. 

[0041] It should be noted that a nozzle using the bridge 
members of the present invention can be used with engines used 
on military aircraft, supersonic business jets, and pulse 
detonation engines . 

[0042] It is apparent that there has been provided in 
accordance with the present invention an axial divergent 
section slot nozzle which fully satisfies the objects, means, 
and advantages set forth hereinbefore. While the present 
invention has been described in the context of specific 
embodiments thereof, other alternatives, modifications, and 
variations will become apparent to those skilled in the art 
having read the foregoing description. Accordingly, it is 
intended to embrace those alternatives, modifications, and 
variations as fall within the broad scope of the appended 
claims . 
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